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The observed response in mass spectrometry utilizing electrospray as a sample introduction
technique can be affected by a number of factors. In this study a series of two-electrolyte
systems was investigated and the mass spectrometric responses were modeled by the use of
droplet surface partitioning coefficients and instrumental response factors according to a
recently reported method (Sjo¨berg et al., Anal. Chem. 2001, 73, 23–28). The partitioning
coefficient and the instrumental response factor were found to be affected by the chosen
experimental conditions. Experimental parameters that were investigated include spray
position relative to the orifice, spray potential, nebulizer and curtain gas flow rates, ionic
strength, and organic content of the sprayed solution. The time history of the generated
droplets turned out to be of importance to both the partitioning coefficients and the
instrumental response factor. For example, a general increase in the surface partitioning
coefficients for the tetrapentylammonium ion was initially observed when the spray was
aiming closer to the sampling orifice. Furthermore, it was shown with a small amount of
deuterium labeled electrolyte that the total ionic strength and not just the electrolyte
concentration influence the instrumental response factor. (J Am Soc Mass Spectrom 2001, 12,
1002–1010) © 2001 American Society for Mass Spectrometry
Since the first reports of electrospray ionization(ESI) as an ionization technique for mass spectro-metry, large efforts have been made by the scien-
tific community to gain further understanding of the
gas-phase ion generation process taking place in elec-
trospray. Solution chemistry plays an important role in
the ionization process. However, it has usually been
difficult to predict the effects of changes in solvent
composition as a large number of parameters influence
the analytical ion signal response. For example, param-
eters closely related to the solvents and additives used,
such as volatility, surface tension, viscosity, conductiv-
ity, ionic strength, dielectric constant, electrolyte con-
centration, and pH will influence the analytical ion
signal. Furthermore, properties of the analyte including
pKa, hydrophobicity, surface activity, ion solvation
energies, and gas-phase basicity will also influence the
analytical ion signal. The chemical composition of the
electrosprayed solution will or could change during the
spray process due to, for example, charge separation
[1], electrochemical redox reactions [2, 3], and ion
mobility difference [4, 5]. Characterization of the spray
plume and the evolution of the charged droplets has
been investigated and factors such as charge enrich-
ment [6] and solvent evaporation [7] have been re-
ported. Furthermore, Zhou and Cook [8] and Fenn and
co-workers [9] have investigated solvent fractionation
in the spray for binary solvent mixtures and have
found, as expected, that the droplets become enriched
with the less volatile solvent as they travel towards the
counter electrode. The gas-phase ions that are finally
sampled by the entrance aperture (orifice) of the mass
spectrometer will be influenced by the above parame-
ters in a complex manner. It is reasonable to assume
that high ion sampling efficiency is obtained only in a
small volume in front of the orifice. Therefore, the time
history evolution from the initial charged droplet for-
mation, close to the spray tip, to the point where the
droplets start to release gas-phase ions and their loca-
tion relative to the sampling region will be important.
Factors such as space charge effects [10–12] at high
spray currents and mobility difference of droplets and
ions could induce sampling discrimination effects. The
use of a co-axial flow of gas, i.e., nebulizing gas [13], in
the spray device is a common way of assisting the
charged droplet formation. The gas flow, together with
the electric field, will influence the initial size of the
droplets [14] and their residence time in front of the
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orifice before they release gas-phase ions, making the
picture of the spray process even more complex.
A central question for many applications is: To what
degree does the mass spectrum reflect the chemical
environment in the condensed phase? Several research
groups [5, 7, 15–18] have, despite the complex nature of
the spray process developed, more or less successfully,
equations that try to express the observed mass spec-
trometric response at a given analyte and electrolyte
concentration in the sprayed solution by a limited
number of parameters. Kebarle and co-workers [19]
used Iribarne’s and Thomson’s ion evaporation theory
[20] to develop a response model which initially uti-
lized the rate constants for ion transfer from the liquid
surface of the charged droplet to the gas phase. In a
later work [21] the model was modified slightly and
surface activity was also included in the constant. Enke
[17] has developed a model that is based on equilibrium
partitioning for the analyte of interest between the
interior and surface phases of the charged droplet.
Further work by Enke and co-workers has related the
electrospray response for small peptides to the non-
polar character of the molecules [22] and also to their
retention in a reversed phase liquid chromatographic
system [23]. Several factors, such as ion pairing, surface
activity, and electrophoretic mobility, which could af-
fect the surface partitioning coefficient, have also been
examined in more detail [5]. In a recent study [24] we
reported a simple method, requiring only two samples
to be analyzed for determination of the partitioning
coefficient ratio (KA/KE) for analyte and electrolyte ions
between the droplet surface and bulk solution, based on
Enke’s model [17].
In this study, we have investigated in more detail
experimental factors which influence the determination
of analyte ion surface partitioning coefficients in elec-
trosprayed droplets. The factors include, for example,
spray position relative to the sampling orifice, spray
potential, nebulizer and counter-current curtain gas
flow rates, curtain gas temperature, and electrolyte and
analyte concentrations.
Experimental
Sample and Solution Preparation
The model compounds used in this study were tetram-
ethylammoniumbromide (TMeABr), tetramethylammo-
niumchloride (TMeACl), tetraethylammoniumbromide
(TEtABr), tetrapropylammoniumbromide (TPrABr), tet-
rabutylammoniumbromide (TBuABr), tetrapentylam-
moniumbromide (TPeABr), and tetraoctylammonium-
bromide (TOcABr), all from Fluka Chemie AG (Buchs,
Switzerland). All chemicals were of at least 99% purity
and used without further purification. Furthermore,
deuterated tetramethylammoniumchloride (TMeACl-
d12) was supplied by Cambridge Isotope Laboratories
(Andover, MA). Several separate stock solutions at 10
mM concentrations of the different tetraalkylammo-
nium salts were prepared in methanol, (LC gradient
grade, Merck, Darmstadt, Germany). Sample solutions
were prepared by diluting the stock solutions with
different methanol/water mixtures to the desired con-
centration. Water was obtained from a Milli-Q plus
purification system (Millipore Corporation, Bedford,
MA). Solutions containing a single compound of inter-
est, at a concentration of ;0.2mM unless otherwise
indicated, were analyzed to determine the instrumental
response factor (Pf) except for some experiments where
deuterated TMeA was used together with the unlabeled
form. For determination of the surface partitioning
coefficient KA/KE two types of samples were analyzed,
one containing only an electrolyte (TMeABr) at the
same concentration as the total tetraalkylammonium
concentration in the second sample, which contained
the electrolyte and one analyte compound at ;0.1 mM
each.
Sample Introduction
Flow injection analyses were performed using a six port
injection valve, C6W, (Valco Instruments, Houston, TX)
equipped with a large sample loop (40 mL) in order to
reach a steady sample concentration in the central part
of the sample plug. A Harvard Apparatus model 22
syringe pump (South Natick, MA) was employed to-
gether with a 250-mL gas-tight syringe (Hamilton, Reno,
NE) for the delivery of sample solution, from the
injection loop to the spray via a fused-silica capillary
(Polymicro Technologies, Phoenix, AZ) of 50 mm i.d.
and 187 mm o.d. at a constant flow of 5 mL/min. The
same solvent used to dilute the different stock solutions
of the quaternary ammonium salt was also used as
mobile phase in the flow injection experiments. Prior to
use, the mobile phase was degassed using ultrasonica-
tion.
Mass Spectrometric Conditions
A PE-Sciex API III1 triple quadrupole mass spectrom-
eter (PE Sciex, Concord, ON, Canada) was used in the
present study. To be able to handle a large range of
methanol/water solution compositions, IonSpray pneu-
matically assisted electrospray [13], was employed as
the spray technique. The fused silica spray capillary, 50
mm i.d. and 187 mm o.d., was centered in a stainless
steel capillary auxiliary assembly delivering 1.0 L/min
of air (zero grade, generated in-house) unless otherwise
indicated, for pneumatically assisted ESI-MS. The flow
rate of dry nitrogen counter-current curtain gas
(99.999% purity, 5.0 from AGA, Stockholm, Sweden)
which was heated to 66 °C, was 1.2 L/min over the
sampling orifice unless otherwise indicated. The follow-
ing mass spectrometer parameters were given set val-
ues: ion spray voltage (ISV) 4000 V, interface plate
voltage (IN) 650 V, orifice lens (OR) 50 V, and AC
entrance rod (R0) 30 V, unless otherwise indicated. Data
were acquired using a Macintosh IIfx computer with PE
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Sciex Tune software version 2.5-FPU. Mass spectral
data were recorded at ;unit mass resolution (the iso-
topic peaks were resolved) by selected ion monitoring
(SIM) using the first mass analyzing quadrupole unless
otherwise indicated. In some experiments either multi-
ple reaction monitoring (MRM) or scanning the approx-
imate 10–700 m/z region in multichannel acquisition
mode (MCA) were utilized. A dwell time of 100 ms was
used in SIM and MRM mode. The articulated IonSpray
assembly tip was positioned at a constant distance of 20
mm from the interface plate (counter electrode) and at
the same vertical level as the sampling orifice. The
spray angle was kept at ;45° relative to the main axis of
the instrument. The lateral position was held at ;6 mm
off-axis (distance d), see Figure 1, unless otherwise
indicated, to artificially decrease the sensitivity. The
spray position was, in some experiments, changed
laterally (distance d) without any change of the other
position parameters. Furthermore, to avoid saturation
of the channel electron multiplier detector in SIM mode,
the monitored isotope peak was chosen to obtain a
signal below 106 cps. In one set of experiments, where
the spray position was manipulated, both quadrupoles
were operated in resolving mode (MRM) to artificially
decrease the ion signal. Mass scale calibration was
performed using a polypropylene glycol solution (PPG)
supplied by the instrument manufacturer. A stereo
microscope SMZ-1B, (Nikon Corporation, Tokyo, Ja-
pan) with 803 magnification was used to visually
monitor the spray in off-line mode.
Spray Current Measurements
The current I, leaving the spray capillary is a measure of
the rate at which excess positive electrolyte ions leave
the capillary. The spray current in this study was
measured using two methods. First, a test point on the
ISV high voltage power supply board was used. The
voltage output from the test point was calibrated
against the spray current measured with an off-line test
rig [25]. Second, a home built battery powered ampere
meter was connected, floating at high voltage, in series
with the high voltage cable and spray device. The
sample injector and the gas-tight syringe were isolated
from ground in order to avoid leakage current back-
ward through the fused silica capillary.
Data Evaluation
The instrumental response factor, which is the ratio
between the total ion signal (R) and the surface excess
charge (Q), for the test compounds is calculated with
the use of eq 1.
Pf 5 R/[Q] (1)
The total ion signal was obtained from the measured
ion signal adjusted by its relative theoretical isotopic
contribution. The proportionality coefficient, f, repre-
sents the fraction of excess droplet charge that is con-
verted into free gas-phase ions, i.e., ion desolvation
efficiency. P is the proportionality coefficient that rep-
resents the ion sampling, transfer and detection effi-
ciency of the system from the ion source to the detector.
The excess charge concentration, which is the difference
in the concentration of cations and anions in the elec-
trosprayed solution, can be calculated by dividing the
total electrospray current, I, by the liquid flow rate, L,





It is assumed that the excess charge resides at/or close
to the droplet surface. The surface partitioning coeffi-
cient was calculated using eq 3, which was recently
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This equation contains only two responses for the
electrolyte, one when no analyte is present (RE,CA50)
and one when analyte is present (RE), the analytical
concentration of the analyte (CA) and electrolyte (CE).
The equation further contains two surface excess
charge concentrations, one when no analyte is present
([Q]CA50) and one when analyte is present ([Q]), and
finally the partitioning coefficients for analyte and
Figure 1. Spray assembly set-up viewed from above. Distance d
was set to 6 mm unless otherwise indicated.
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electrolyte ions between the droplet surface and bulk
solution (KA/KE).
The data presented in each figure was acquired
during a short time (hours) while the time between data
in different figures in some cases is quite extended
(several months), making direct comparison of the
absolute values, especially for instrumental response
factor, more difficult.
Safety Considerations
Almost all work was done with commercial instrumen-
tation, which provides sufficient protection against elec-
trical shock. High voltage cables were used to connect
the home-built ampere meter in series with the spray
device. Furthermore, all chemicals used were handled
with care.
Results and Discussion
A number of factors, both instrumental and chemical,
were manipulated to investigate their effect on the mass
spectrometric response for some permanently charged
test compounds. To begin answering the question as to
what degree the mass spectrum does reflect the chem-
ical environment in the condensed phase, it can be
assumed that ions at the surface of the charged droplets
play an important role for the observed spectrum. With
this assumption, a number of questions will follow.
First: Can ion-sampling bias be induced by differences
in partitioning coefficient and instrumental response
factors? Second: To what extent do the surface parti-
tioning coefficient and the instrumental response fac-
tors change when the experimental conditions are ma-
nipulated?
MS Response
In a previous study [24] it was observed that the signal
level generally decreased with increasing number of
carbons in the test analyte. This is in contradiction to
what is reported previously by Fenn et al. [15] where
pure electrospray was utilized [26]. Upon examination
of the data recorded in the previous study utilizing our
method where the mass spectrometric response is di-
vided into a surface partitioning coefficient and an
instrumental response factor, it was observed that the
surface partitioning coefficient generally increased
when the test ions became larger. To gain further
insight into the MS response behavior observed in the
previous study, the instrumental response factors were
determined for all test analytes in this study. Solutions
containing ;0.2 mM of the analyte of interest was
examined and as can be seen in Figure 2, a general
decrease is apparent when the number of carbons in the
alkyl chains increases. These results indicate that the
instrumental response factor has a larger impact on the
observed mass spectrometric response and thus on
sensitivity compared to the surface partitioning coeffi-
cient. It is well known that quadrupole mass analyzers
have a mass-dependent ion transmission [21, 27]. In this
work, the mass dependency of the ion transmission was
not determined, but will be included in the proportion-
ality coefficient P for the different ions. However, other
factors such as ion sampling from atmospheric pressure
might contribute to ion discrimination [11, 28], which
will be discussed in the following section.
Spray Position
In the previous study [24], we were aiming the spray at
a large off-axis position (see Figure 1, d 5 6 mm) to
artificially decrease the sensitivity. This off-axis posi-
tion, in combination with a nebulizer gas flow at an
angle of 45° relative to the electric field, might induce
mass-dependent discrimination because of the mobility
differences, just as in a differential mobility analyzer
[29–31]. A series of experiments were performed where
the spray capillary position was varied laterally relative
to the ion sampling orifice (see Figure 1). The respective
instrumental response factors for the test compounds
are plotted in Figure 3. The mass spectrometric re-
sponse (recorded in MRM mode) and the surface excess
charge were obtained in these experiments from solu-
tions containing ;0.2 mM of the analyte of interest in
100% methanol. The instrumental response factor for
the larger TPeA ion increases by a factor of ;180 when
distance d in Figure 1 is increased from 4 mm to 14 mm.
The lighter ions show only an increase of ;2–3 for the
same spray position change. One possible interpreta-
tion of this observation supports the hypothesis that the
gas-phase ion mobility influences the instrumental re-
sponse factor. Literature values [32] of reduced ion
mobilities for a homologous series of tetraalkylammo-
nium ions were used to construct a plot of inverse
reduced mobilities against ionic mass. The reduced
mobility for TMeA was determined from the linear plot
and estimated to be twice the mobility for TPeA1 in the
gas phase.
Figure 2. Instrumental response factor as a function of the
number of carbons in the alkyl chains of tetraalkylammonium
ions. Spray solution contains ;0.2 mM of the analyte of interest in
100% methanol.
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The droplet surface partitioning coefficients (KA/KE)
were also determined for different spray capillary po-
sitions and the results for TPeA1 are shown in Figure 4,
where a general increase in KA/KE is initially observed
when the off-axis position of the spray is increased. A
major difficulty in the interpretation of the results is the
uncertainty in the time history of the droplets, including
the position where the droplets start to release ions into
the gas phase. The concentration of the ions that pref-
erentially reside on the drop surface will be enhanced as
the number of disintegration cycles (Coulomb fissions)
increases [33, 34] if the assumption regarding the loca-
tion of the excess charge at/or close to the surface is
valid. If we then assume that the initially smaller
droplets have undergone fewer fission before they
release ions into the gas phase compared to the initially
larger droplets, a lower KA/KE value would be ob-
tained under the assumption that the analyte A prefer-
entially resides at the droplet surface. When a small
off-axis spray position is used, ions originating from
initially smaller drops at the edge of the spray plume
[34–38] are preferentially sampled into the mass spec-
trometer, which might explain why the surface parti-
tioning coefficients are smaller in comparison to an
increase in the off-axis position, i.e., when the spray is
aimed closer to the sampling orifice. Another possible
explanation is that the generated droplets have a large
difference in surface charge density (broad charge den-
sity distribution) and the ions that end up in highly
charged droplets experience less competition, thus ob-
taining a lower partitioning coefficient from these drop-
lets. The influence of methanol content in the sprayed
solution on the droplet surface partitioning coefficients,
apparent in Figure 4, will be discussed in the solution
composition section below.
Nebulizer Gas Flow
A series of experiments was performed at different
nebulizer gas flow rates to further evaluate ion sam-
pling discrimination due to ion source conditions. Both
the instrumental response factors (Pf) for TMeA1,
TEtA1 and TPeA1, and the droplet surface partitioning
coefficients (KA/KE) were determined for mixtures con-
taining TMeA1 as electrolyte and TEtA1 or TPeA1 as
analyte. The use of nebulizer gas influences the instru-
mental response factor (Pf) and the droplet surface
partitioning coefficients (KA/KE) in a complex manner.
The instrumental response factors for TMeA1 and
TEtA1 shows a maximum, depending on solvent com-
position, between a nebulizer gas flow of 0.6–1.2
L/min. On the other hand, Pf continues to increase for
TPeA1 with higher nebulizer gas flow. In Figure 5, the
instrumental response factors are plotted against nebu-
lizer gas flow for solutions containing 100% methanol.
The generated spray current, which is used to deter-
mine the surface excess charge, is dependent on a
Figure 3. Instrumental response factors (Pf) against spray capil-
lary position for ;0.2 mM TMeA1 (filled diamond), TEtA1 (filled
square), and TPeA1 (filled circle), respectively, in 100% methanol
solutions. The response is recorded in MRM mode.
Figure 4. Droplet surface partitioning coefficients (KA/KE) for
TPeA1 at different spray capillary positions and methanol con-
tent. Total tetraalkylammonium concentration ;0.2 mM. Spray
solution: 100% (filled square), 90% (open circle), 70% (filled
diamond), 50% (open square), 30% (filled circle), and 10% (filled
triangle) methanol. The response is recorded in MRM mode.
Figure 5. Instrumental response factors (Pf) against nebulizer gas
flow rate. Analytes: TMeA1 (filled diamond), TEtA1 (filled
square), and TPeA1 (filled circle). Spray solution contains 100%
methanol.
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combination of both the organic content of the analyzed
solution and the nebulizer gas flow. For example, the
spray current is increased by 20–60%, depending on
analyte, at high methanol content (100%, low surface
tension) when the nebulizer gas is adjusted from 0
L/min (pure ESI) to 0.6 L/min. The same change in
nebulizer gas flow for solutions with lower methanol
content (50%, higher surface tension) results in a spray
current decrease of 30–40%. When the nebulizer gas
flow was increased over ;1.4 L/min, a general decrease
in the spray current was obtained irrespective of solu-
tion composition, and a dry spray tip was visible. These
experiments were repeated several times with the same
spray current behavior.
In Figure 6, the droplet surface partitioning coeffi-
cients are plotted against nebulizer gas flow for solu-
tions containing 100% methanol. When the spray con-
dition is changed from pure electrospray to a low flow
of nebulizer gas (0.6 L/min) a decrease in surface
partitioning coefficients is observed. This could be due
to a decrease in the residence time for the droplets in the
ion source and thus a decrease in the number of
possible disintegration cycles (see Spray Position sec-
tion) before they release the ions into the gas phase.
Furthermore, as the linear flow rate of nebulizer gas
becomes rather high (140 m/s at 0.6 L/min) compared
to the estimated velocity of the droplets because of the
electric field (;0.5–60 m/s) [38], a focusing effect on the
spray plume will occur and its impact could be similar
to when distance d in Figure 1 is decreased. Upon
further increase in nebulizer gas flow, an increase in
KA/KE is obtained indicating that another mechanism is
also present. If we assume that the shear force on the
liquid jet emerging from the spray capillary increases
with increased nebulizer gas flow [14], a larger number
of droplets with initially smaller diameter will be gen-
erated at a constant liquid flow rate. The observed
increase in instrumental response factor (especially for
the TPeA1) and surface partitioning coefficient could
thus be due to an increased number of ions from the
bulk solution coming closer to the liquid-air interface
surface. This will be more favorable for ions with lower
ion mobilities, i.e., TPeA1. The relative ion mobility (in
water) [39] for TEtA1 and TPeA1 are ;27 and 61%
lower than for TMeA1 respectively.
Curtain Gas Flow
The flow rate and temperature of the counter current
curtain gas are two parameters that will also influence
the residence time for the droplets in the ion source.
When the counter current curtain gas flow is increased
it could be expected that the residence time for the
droplets increases slightly. However, higher flow rates
of warm curtain gas will also increase the rate of solvent
evaporation and thus decrease the residence time (see
Curtain Gas Temperature section). The increased resi-
dence time and/or solvent evaporation rate could make
it possible for the droplets to undergo an increased
number of disintegration cycles before they reach the
region where the ions are sampled by the orifice and
thus an increase in the surface partitioning coefficient is
expected. The curtain gas flow rate was set to 0.6, 1.2, or
1.8 L/min at a gas temperature of 66 °C for three
different solution compositions, 100, 50, and 30% meth-
anol, to test this hypothesis. The instrumental response
factor for TMeA1 was constant at a gas flow rate of 0.6
and 1.2 L/min but depending on water content, de-
creased by 50–75%, as expected, upon further increase
in gas flow. The linear velocity of the curtain gas at the
highest flow rate was ;13 m/s, which is below the
velocity range of the ions (25–55 m/s) estimated from
their mobility and field strength [40]. The droplet sur-
face partitioning coefficient for TPeA1 was constant at
100% methanol but increased by about 45–65% when
the curtain gas flow rate was increased from 0.6 L/min
to 1.8 L/min for the less volatile solutions containing 50
and 30% methanol, in agreement with the proposed
hypothesis.
Curtain Gas Temperature
For a gas flow of 1.2 L/min the temperature, besides
66 °C, was also set to 40 and 91 °C. When the curtain gas
temperature was manipulated it was observed that both
the instrumental response factor and the surface parti-
tioning coefficient optimized at 66 °C and decreased by
about 15–55%, depending on analyte, when the temper-
ature was raised to 91 °C. One possible explanation for
this observation is that the temperature of the dry
counter current gas could have an opposing effect on
the residence time. When a higher gas temperature is
used, the rate of solvent evaporation will increase,
resulting in faster droplet size reduction. When the
droplets becomes smaller the mobility will increase and
thus the residence time of the droplet will decrease.
Figure 6. Droplet surface partitioning coefficients (KA/KE) for
TEtA1 (filled square) and TPeA1 (filled circle) at different nebu-
lizer gas flow rates. Spray solution contains 100% methanol.
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Spray Potential
The magnitude of the electric field strength at the spray
capillary tip will influence the electrophoretic charging
process during droplet formation [1, 41, 42]. The electric
field strength in the ion source will also influence the
residence time of both charged droplets and ions,
especially at lower nebulizer gas flow rates [14]. Con-
sequently, in this study the effect of spray potential by
which the field strength in the ion source can be
manipulated was investigated. The droplet surface par-
titioning coefficient for TPeA1 decreased by a factor of
;4 and ;2 respectively, depending on spray position
(d 5 6 and 14 mm), when the spray potential was
increased from 1.5 to 2.75 kV and remained essentially
constant upon further increase in spray potential. The
decrease in KA/KE might again be due to a decrease in
residence time for the charged droplets in the ion
source. As a reviewer of this paper suggested, the
observed decrease in KA/KE might also be due to the
fact that TMeA1 is less surface active but more electro-
phoretically mobile than TPeA1. Thus, the higher spray
potential (electric field) leads to an increase in KE to a
larger extent.
Solution Composition
The obtained KA/KE values for TEtA
1 and TPeA1 are
shown in Figure 7. For solutions containing a large
portion of methanol, the initial droplet size is expected
to be smaller compared to solutions containing less
methanol, and thus fewer disintegration cycles will
occur before the droplet starts to release ions to the gas
phase. This will give rise to low KA/KE values (see the
discussion in the spray position section). The decrease
in KA/KE values at low methanol content is unexpected
based on surface activity. One possible explanation for
this observation could be problems in solubility, as
suggested in a previous paper [24]. Another explana-
tion could be the change in mobility for the ions in the
droplets when the viscosity of the solution changes. It
can be assumed that the KA/KE coefficient is influenced
both by the surface activities and mobilities of the ions.
If the mobilities increase by a large extent, the relative
effect of surface activities decrease. When the methanol
content is decreased from 100 to 50%, the viscosity
increases [43]. Here, both the mobilities and the differ-
ences in surface activities work in the same direction
(i.e., give higher KA/KE values). When the methanol
content is further decreased, the viscosity starts to
decrease [43], and the different mechanisms start to
oppose each other.
Ionic Strength
In the method developed recently in our laboratory [24]
it is assumed that the instrumental response factor (Pf)
for the electrolyte ion TMeA1, in a mixture containing
0.1 mM of TMeABr and analyte, is the same as the Pf
determined for the electrolyte in a 0.2 mM solution. A
basic requirement for calculating an instrumental re-
sponse factor for a compound is that peaks arising from
that compound dominate the mass spectrum. This
requirement was fulfilled for TMeA1 in the concentra-
tion range of 20 mM to 2 mM where the signal was at
least 90% of the total ion counts in the mass spectrum.
The total ion signal and spray current as a function of
electrolyte concentration is shown in Figure 8a, while
Figure 7. Droplet surface partitioning coefficients (KA/KE) for
TEtA1 (filled square) and TPeA1 (filled circle) as a function of
methanol content in the electrosprayed solution.
Figure 8. (a) Total ion signal (filled diamond) and spray current
(filled square) for TMeA1, in 50% methanol solutions, as a
function of electrolyte concentration. (b) Corresponding instru-
mental response factor (Pf).
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the response factor is shown in Figure 8b. In order to
find out if the observed change in response factor was
due to the higher concentration of the electrolyte or to
the total ion concentration in the solution, experiments
with tetramethylammoniumchloride and deuterium la-
beled tetramethylammoniumchloride (TMeACl-d12)
were performed. It was first validated in experiments
according to the proposed model that the partitioning
coefficient for the labeled compound relative to the
unlabelled compound was near one, and therefore no
competition between the different forms of TMeA1 ions
was observed. In a second series of experiments, the
concentration of electrolyte, either TMeACl or TMeACl-
d12, was kept constant at 1 mM while the concentration
of the analyte, (the other form), was varied from one 1
mM to 2 mM. Under the assumption that no competition
occurs between the analyte and electrolyte and that
their mobilities do not differ, the measured electrospray
current was divided between them according to their
concentrations in the bulk solution. From these experi-
ments, instrumental response factors for both labeled
and unlabelled TMeA1 were calculated and compared
with Pf values calculated from pure standards. In
Figure 9, it is shown that Pf for TMeA-d121 rises in the
samples with a constant concentration of deuterium
labeled TMeACl and a rising concentration of TMeACl,
proving that Pf is not dependent on analyte concentra-
tion but changes with total ionic strength in the solu-
tion.
Conclusions
A good understanding of the ion transferring process
from liquid to gas phase is necessary in order to gain
knowledge of how the mass spectrum is related to the
sample in the condensed phase. In this study, the mass
spectrometric response and spray current were mea-
sured when a number of factors were varied, which
could possibly influence the determination of the sur-
face-partitioning coefficient. The mass spectrometer
samples gas-phase ions at atmospheric pressure from a
small area in front of the ion-sampling orifice or cone.
The results achieved in this study clearly indicate that
the time history of the electrosprayed droplets in the
ion-sampling region will influence the observed mass
spectrum in a complex manner. This indicates that great
concern must be taken if results generated with differ-
ent experimental set-ups or on different instruments are
to be compared.
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